A stable shuttle vector which replicates in Escherichia coli and Clostridium perfringens was constructed by ligating a 3.6-kilobase (kb) fragment of plasmid pBR322 with C. perfringens plasmid plB101 (3.1 kb). The marker for this shuttle plasmid originated from the 1.3-kb chloramphenicol resistance gene of plasmid pHR106. The resulting shuttle vector, designated pAK201, is 8 kb in size and codes for resistance to 20 ,ug of chloramphenicol per ml in both E. coli and C. perfringens. Following shuttle vector construction in E. coli, plasmid pAK201 was transformed into E. coli HB101 and C. perfringens ATCC 3624A, using intact cell electroporation. The transformation frequencies were 106 and 104 transformants per ,ug of DNA in E. coli and C. perfringens, respectively. Restriction enzyme analysis of the chimera isolated from transformants of both microorganisms suggested that the plasmids were identical. Reciprocal transformation experiments in E. coli and C. perfringens indicated no difference in transformation frequency. Plasmid pAK201 was stable in C. perfringens following repeated transfer in the absence of chloramphenicol pressure. The restriction map of plasmid pAK201 shows six unique cut sites which should be useful for future genetic analysis and C. perfringens gene library construction.
Clostridium perfringens is a ubiquitous pathogenic anaerobic bacterium responsible for causing gastroenteritis, clostridial myonecrosis, uterine infection, and bacteremia. In light of the extensive characterization of C. perfringens plasmids (17, 18) together with the construction of various C. perfringens vector systems (1, 2, 16, 19), C. perfringens can be studied as a representative model for clostridial genetics. Several transformation methods for clostridial species have been developed in recent years. Reid et al. (15) transformed bacteriophage CA-1 into lysozyme-derived protoplasts of C. acetobutylicum. Lin and Blaschek (11) transformed plasmid pUB110, a Staphylococcus-derived plasmid, into heattreated protoplasts of C. acetobutylicum SA-1. Squires et al. (19) constructed shuttle vectors and demonstrated their transferability into Escherichia coli and L-phase variants of C. perfringens. C. perfringens L-phase variant transformation was described by Heefner et al. (9) and, more recently, Mahony et al. (12) . Roberts et al. (16) recently described an E. coli-C. perfringens shuttle vector (pHR106) which was transformed into L-phase variants of C. perfringens. Attempts at regenerating the cell wall of L-phase variants of C. perfringens have not been successful (9, 12, 16, 19) . However, the cell wall of lysozyme-induced protoplasts of C. perfringens can be regenerated at low frequency (20) .
Electroporation was introduced by Potter et al. (14) . It was initially designed for mammalian cell (14) and plant protoplast transfection (22) experiments. During this process, the cell is exposed to an electrical field which allows for the uptake of nucleic acids (14, 22) . The application of electroporation to bacteria has been limited by the requirement for a relatively high electrical field strength and a highly resistant electroporation menstruum. Recently, electroporation was applied to the gram-positive microorganism Lactobacillus casei, which does not have an efficient transformation system (6) . Lelie et al. (10) suggested that a pretreatment to remove the cell wall of the gram-positive * Corresponding author.
microorganism Streptococcus cremoris was required to increase transformation frequency.
The objective of this work was to construct a stable shuttle vector containing a C. perfringens origin of replication from the small, nonconjugative pHB101 plasmid (4), a plasmid which is stably maintained in C. perfringens in the absence of selection pressure. The efficiency of electroporationinduced intact cell transformation of E. coli and C. perfringens strains with the developed shuttle vector was examined.
MATERIALS AND METHODS
Bacterial strains and plasmid DNA. The bacterial strains and plasmids used in this study are shown in Table 1 . C. perfringens 3626B contains the caseinase activity-encoding plasmid pHB101, as well as cryptic plasmids in the range of 14 to 100 kilobases (kb) (3) . A chloramphenicol-sensitive, plasmid-free strain of C. perfringens (ATCC 3624A) was used as the recipient in transformation studies.
E. coli K-12 strain HB101 was also used in this study. Plasmid pBR322 (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) was transformed into E. coli HB101 by electroporation (see below). Plasmid pHR106 containing the clostridial chloramphenicol resistance gene originating from plasmid pIP401 (1, 2, 5) was a kind gift of Phillip Hylemon of the Medical College of Virginia.
Growth conditions and culture media. C. perfringens 3626B and 3624A were inoculated at the 10% level into Trypticase (BBL Microbiology Systems, Cockeysville, Md.)-glucose-yeast extract (TGY) medium (Trypticase, 30 g; glucose, 20 g; yeast extract, 10 g; L-cysteine, 1 g; per liter of distilled water). For solid-agar plate growth, Bacto-Agar (1.3%, wt/vol; Difco Laboratories, Detroit, Mich.) was added to TGY medium. Growth of C. perfringens in broth was carried out at 37°C. Stock cultures were prepared by overnight incubation in cooked-meat medium (Difco) and stored at 4°C. For selective purposes, TGY medium was supplemented with 20 ,ug of chloramphenicol per ml. Following the electroporation process, the cell cultures were plated on selective Fig. 3 . The orientation of the pHB101 insert was determined by MboI and BamHI double digestion (Fig. 2) . Shuttle vector pAK201 expresses chloramphenicol resistance (20 ,g/ml) in both E. coli and C. perfringens.
Transformation of plasmid DNA by electroporation. The preliminary electroporation experiments were carried out with plasmids pBR322 (E. coli) and pHR106 (C. perfringens). E. coli transformants were screened for resistance to ampicillin (50 ,ug/ml), while C. perfringens transformants were screened for resistance to chloramphenicol (20 jxg/ml). Glycerol (15%, vol/vol) added to the electroporation buffers increased the transformation frequencies of both E. coli and C. perfringens (data not shown). This compound increases the electrical resistance, and consequently the pulse duration time, while limiting cytoplasmic leakage during transient pore formation. During the electroporation-induced transformation of C. perfringens, all salts were removed from the electroporation buffer to increase the pulse duration time. The pulse duration time was 7.0 to 7.8 ms with electroporation buffer A and 36.0 to 45.0 ms with electroporation buffer B. Electroporation-induced transformation of E. coli HB101 and C. perfringens 3624A with plasmids derived from either E. coli or C. perfringens can be seen in Table 2 . The transformation frequency of E. coli (106 transformants per ,ug of DNA) with plasmid pBR322, pAK201, or pHR106 is equivalent to that obtained by CaCl2-mediated transformation methods (13 sufficiently high to allow for screening of the transformants without the long posttransformation incubation period shown to be required in C. perfringens L-phase variant transformations (9, 12) . Polyethylene glycol-induced transformation experiments require incubation for 4 h (12) to overnight (9) for recovery of transformants. The electroporation-induced transformation method described herein requires only a 1-h incubation period.
Restriction enzyme digestion analysis of plasmid pAK201. The restriction map of plasmid pAK201 is shown in Fig. 2 . Cutting at any of the six single-cut enzyme sites (i.e., PstI, EcoRI, ClaI, BamHI, PvuII, or AvaI) did not adversely affect the transferability, the stability, or the cat gene of plasmid pAK201. Consequently, the pBR322 segment within plasmid pAK201 can be used for cloning experiments at this time.
Shuttle vector stability. The stability of shuttle vectors pAK201 and pHR106 in C. perfringens was examined. Some 77% of the initial pAK201-containing C. perfringens 3624A transformants continued to be resistant to chloramphenicol following repeated culture transfer over a 3-day period in the absence of antibiotic pressure, while only 8% of the initial pHR106-containing C. perfringens 3624A transformants were resistant following similar treatment (Fig. 4) . The 
